As well known, if the Higgs boson were not observed at LHC, the technicolor model would be the most favorable candidate responsible for the symmetry breaking. To overcome some defects in the previous model, some extended versions have been proposed. In the TC2 model typical signature is existence of heavy H T C and technipion Π. A direct proof of validity of the model is to produce them at accelerator. Thus we study the production rates of e + e − → H T C Π 0 and e + e − → Π + Π − at ILC in the topcolor-assisted technicolor (TC2) model. In fact, there is a flood of models belonging to new physics which can result in products with characteristics similar to H T C + Π of the TC2 model. Therefore to distinguish this model from others one may need to investigate some details by calculating the cross section to NLO. We indeed find that the NLO corrections are significant, namely the ratio δ ≡ (σ N LO − σ LO )/σ LO in e + e − → H T C Π 0 exceeds 100% within a plausible parameter space.
Introduction
The success of the standard model (SM) is not doubtful at all. On the other aspect, however, the mechanism which breaks the electroweak symmetry is not yet quite understood. In the typical spontaneous symmetry breaking scheme the Higgs boson is required but it so far evaded observation. In addition, there exist the prominent problems of triviality and unnaturalness in the Higgs sector. Thus alternative dynamical symmetry breaking schemes were proposed, among the models, the technicolor model (TC) is the most favorable one which was proposed by Weinberg and Susskind [1, 2] independently.
The advantage of dynamical electroweak symmetry breaking (EWSB) is that there the elementary scalar field is not introduced to be responsible for the breaking, therefore, it can avoid the troubles of triviality and unnaturalness. However, the initial TC model is the simplest version and exposes some obvious defects. To remedy those defects, several modified version have appeared [3, 4] later. In order to explain the large mass difference between the top quark and the bottom quark, the topcolor-assisted technicolor (TC2) model was proposed by Hill [6, 7, 8] to improve the original one. Namely the TC2 model can naturally produce large top quark mass and realize dynamical electroweak symmetry breaking. Concretely, in this model, the top-color interaction makes a small contribution to the EWSB, but indeed is responsible for the main part of the top quark mass as (1− ǫ t )m t where ǫ t is a model-dependent parameter within a range of 0.03 < ǫ t < 0.1 [9] , whereas the TC interaction plays the main role for breaking the electroweak gauge symmetry.
The extended TC (ETC) interaction gives rise to the masses of the ordinary fermions (quarks and leptons) and a small portion ǫ t M t of the top mass. One of the most general characteristics of the TC2 model is existence of three isospin-triplet pseudo-Goldstone bosons called as top-pions ( Π ± , Π 0 ) and one isospin-singlet boson−the top-Higgs (H T C ). Obviously, such new particles do not exist in the SM, and their appearance can be treated as clear and definite signatures of the new physics beyond the SM. To be consistent with the SM phenomenology, the energy scale of the model must be sufficiently high, say at TeV order, so that one needs to look for direct production of such new particles at high energy experiments.
Definitely, the LHC would be the first place to carry out such exploration, but since at the hadron colliders, the background is very complicated and it is hard to identify the signal. Instead, in the ILC experiment which will be be running in the future, the situation is much better.
Starting with a relatively simple situation, therefore in this work, we study a favorable channel for the electron-positron collisions and will carry out some rigorous calculation for the LHC case in our next work. Concretely, we consider the production process e + e − → H T C Π 0 and e + e − → Π + Π − .
In our earlier work [5] , the tree level contribution was considered and one noticed that such processes may be observable for the designed luminosity of ILC. On other aspect, there is a flood of new physics models which also result in similar production processes (with different new particles).
To distinguish the TC2 model from others, some details about the production cross sections and differential cross sections are needed. At the tree level, some parameters are fed in by hand and only the order of magnitude is estimated as long as the NLO is significant, so that one cannot tell the difference of various models, thus the NLO calculation may become necessary. Therefore, in this paper, we carry out the calculation to NLO and we find that the NLO contribution is significant and moreover, NLO corrections are quite different for e + e − → H T C Π 0 and e + e − − >→ Π + Π − . This paper is organized as follows. In Section 2 we will present the theoretical formulation of the production rates for processes e + e − → H T C Π 0 and e + e − → Π + Π − . By inputting the model parameters, we obtain the numerical resultsa in Section 3. Our conclusion and some discussions are drawn in the last section.
Theoretical Formulation
In this section, we will present the theoretical formulation of the cross sections for two processes e + e − → H T C Π 0 and e + e − → Π + Π − up to NLO in the TC2 model.
2.1
For
In the TC2 model there are three relatively light physical top-pions ( Π ± , Π 0 ) whose couplings to t and b quarks are [10, 12, 13] :
where tan β = (v/v π ) 2 − 1 and the top-pion decay constant v π ≃ O(60 − 100) GeV [12, 13] . 
Here, there is a free parameter 0.03 < ǫ t < 0.1 which was discussed in the relevant literature about how the heavy top quark and other light quarks obtain their masses from different sources [9] .
The TC2 model also suggests existence of a scalar H T C called as the top-Higgs boson [10, 11] , which is a tt bound state and analogous to the σ boson which plays an important role for low energy phenomenology. Its couplings to quarks are in analog to that of the neutral top-pions. The
Feynman rules related to the top-pions and the top-Higgs are shown below [11] :
where v 2 = v 2 π + v 2 T and v T is the techni-pion decay constant similar to that of regular pions, L = (1 − γ 5 )/2, R = (1 + γ 5 )/2, s w = sinθ w and c w = cosθ w (θ w is the Weinberg angle).
With these interaction vertices, we can immediately write down the production amplitude of e + e − → H T C Π 0 at the tree level:
At the NLO level, The Feynman diagrams responsible for the process are shown in Fig. 1 .
When carrying out the loop integration, an ultraviolet (UV) divergences appears and one needs to renormalize the Z-t-t coupling to remove the UV divergence. In this work, we employ the modified renormalization scheme M S.
The loop-induced amplitude is written as
where N is the regular color factor. Calculations of such loop diagrams are straightforward. Each loop integration is composed of some scalar loop functions [14] , which are evaluated in terms of the code LOOPTOOLS [15, 16] . The explicit expressions of relevant form factors (f 2 , f 3 ) are lengthy, so that we keep them in Appendix A. The NLO amplitude is then written as
With the NLO amplitude, we have obtained the NLO differential cross section in the centerof-mass frame:
Integration over the solid angle, we have the total cross section.
It is noticed that in the process e + e − → H T C Π 0 , the ratio of |M 1 | 2 /|M 0 | 2 ≥ 0.20 at most of the parameter spaces and cannot be thrown away.
2.2
The Feynman diagrams responsible for this process are shown in Fig. 2 .
The tree level amplitude of e + e − → Π + Π − is:
The loop-induced amplitude can be written in the form:
where the subscripts "Z" and "γ" correspond to the diagrams where Z boson or photon is exchanged. By the Lorentz structure of the coupling, one can immediately show
and then
The explicit expressions of relevant form factors (f
Figure 2: The Feynman diagrams for e + e − → Π + Π − .
The numerical results
To obtain numerical results of the cross sections, we adopt the input parameters M Z = 91.188
GeV, s 2 w = 0.23 and v π = 100 GeV. In our calculations the mass of top Higgs takes two different values: M H = 200, 300 GeV [9] . The electromagnetic fine-structure constant α at the concerned energy scale is calculated by the renormalization group equation (RGE) with the boundary value α −1 = 137.04. Generally in the TC2 model, the mass of top pions is supposed to be around 200
GeV, for a phenomenological study, we let the mass vary within a narrow range of 150 ∼ 300
GeV. Following the general discussion about the choice of center-of-mass energy for ILC, in our calculation it is set as √ S = 500 GeV [17] . The numerical results of the cross sections are shown in Fig. 3 and Fig. 4 for M H =300 GeV , ǫ t = 0.03 (left) and ǫ t = 0.1 (right) respectively.
The plots show that the cross section decreases with M Π and M H T C and it is also noticed that as ǫ t takes a value of 0.03 the cross section drops slightly faster than that for the case of ǫ t = 0.1, namely it is not very sensitive to the value of ǫ which tells how the different sources contribute to the top quark mass. In general, the production rate is at the level of a few fb. Through the figures we also can observe that the loop-induced correction δ ≡ (σ N LO − σ LO )/σ LO exceeds 100% at most parameter spaces and even exceeds 130% for extreme situations. The dependence of δ on the input parameters can be seen in Table 1 We can see that when √ s = 1 TeV, the NLO correction is even more important and δ exceeds that for √ s = 500 GeV.
The numerical results for e + e − → Π + Π − are shown in Fig. 7 . The dependence of the relative correction δ on the input parameters is presented in the Table   2 of Appendix B.
Our results indicate that the NLO corrections to e + e − → Π + Π − are not as significant as to the e + e − → H T C Π 0 , this is because there is an extra contribution from another tree diagram where a virtual photon serves as the intermediate state, thus the loop contributions are relatively smaller than the total tree contributions.
THE CONCLUSIONS AND OUTLOOK
Through the Tables in the TC2 theory is determined by two sources and expressed as [11] :
and its TC Yukawa coupling Y t is high and causes an enhancement. Secondly, the extra color factor N c = 3 in the loop will further increase the loop-induced amplitude.
Because of the relative high one-loop contribution, one may naturally ask if two-loops contributions are necessary. If the two arguments listed above are the only reasons, we may expect that the two-loop contribution would not exceed the one-loop contribution.
The decay modes of H T C , Π ± , Π 0 [21, 20] and a comparison with that in other models beyond the SM [18] at e + e − linear colliders have been discussed in Ref. [5] . We do not intend to discuss these topics in this work, even though they are crucially important for observation, and will come back to it in our later work.
The advantage of analyzing such processes at the ILC is obvious that the hadronic background is very suppressed and the amount of signals may be practically observable. The calculation of the production at the e + e − collision is relatively simple compared to the case for hadron colliders because there is no QCD correction and moreover, there does not exist the complicated infrared divergence which needs to be properly dealt with. By contrast, the situation would be deteriorated at the hadron colliders such as LHC, however, on other aspect, the production probability of the new physics particles at LHC may be much larger, so that the disadvantage caused by background contamination may be compensated. But definitely, one needs to consider the production rates of H T C , Π ± , Π 0 at LHC up to NLO and it would be our next work.
It is worth of noticing that, one may conjecture that a H T C pair or a Π 0 pair may also be produced at the one-loop level, but the results show that their contributions equal to zero due to an obvious symmetry constraints.
Our conclusion is that if the Higgs boson were not observed at LHC, the technicolor model would be favorable because it provides a dynamical symmetry breaking mechanism. Then one needs to look for evidence for existence or validity of the model, so detection of production of some specific particles which carry characteristics of the model would be a direct trace. We calculate the production rates of e + e − → Π + Π − and e + e − → H T C Π 0 at ILC to NLO, supposing its CM energy to be 500 GeV and find that the rates are sizable to be observed for a low background machine. In the calculations, we also notice that the NLO contributions for both modes are high compared to that of LO and then briefly analyze the reason. Therefore we indicate that to compare the theoretical prediction with data, one needs to carry out the calculation to NLO, moreover, our simple analysis may imply the NNLO should be smaller and less significant. 
Here B i , C ij are two-point and three-point scalar integrals. P represents the momentum of relevant particle. The explicit Lorentz decompositions for the lowest order integrals take the forms given in Ref. [19] B The ratio of (σ N LO − σ LO )/σ LO 
